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SUBSTITUTED
1H-PYRROLO|2,3-B|PYRIDINES AND
PREPARATION THEREOF

The invention relates to novel substituted 1H-pyrrolo[2,3-
b]pyridines, to processes for their preparation and to interme-
diates therefor.

1H-Pyrrolo[2,3-b]pyridines are important intermediates
for the preparation of active pharmaceutical ingredients (ct.
WO-A 2004/009601 or WO-A 2004/039796). Moreover,
substituted 1H-pyrrolo[2,3-b]pyridines and related com-
pounds may themselves have pharmaceutical activity and be

used as active ingredients 1n pharmaceutical compositions
(cf. WO-A 03/082289, WO-A 2004/016609 and WO-A 2004/

009601). For example, WO-A 2004/016609 describes the use
of substituted 1H-pyrrolo[2,3-b]pyridines as inhibitors of
kinase Itk, WO-A 2004/009601 the use of active mngredients
which contain a 1H-pyrrolo[2,3-b]pyridine fragment as
tyrosine Kinase activity inhibitors of growth 15 receptors,
which 1s why they are suitable for use as anticancer drugs, and
WO-A 03/082289 describes the possibility of using substi-
tuted 1H-pyrrolo[2,3-b]pyridines for the treatment of HIV
and AIDS owing to their antiviral action.

Owing to the variety of potential action of 1H-pyrrolo][2,
3-b]pyridines or compounds containing 1H-pyrrolo[2,3-b]
pyridine units, there 1s still a need for further such substituted
1H-pyrrolo[2,3-b]pyridines which are suitable, for example,
tor the preparation of active pharmaceutical ingredients or as
active ingredients themselves for the treatment of other dis-
cases, or which are superior to the known compounds, for
example with regard to solubility, efficacy or pharmacokinet-
ICS.

It 1s thus an object of the present invention to discover such
novel substituted 1H-pyrrolo[2,3-b]pyridines.

This object 1s achieved by the preparation of the inventive
compounds of the general formula (I). None of these com-
pounds has hitherto been described 1n the prior art.

The present mvention thus provides compounds of the
general formula (1)

R3\ A
X
-
N/ N\
Rl

in which
R' is H or optionally substituted linear, branched or cyclic
C,-C,q-alkyl, preterably C,-C,-alkyl and C;-C.-cy-
cloalkyl, C,-C, s-alkoxy, preferably C,-C-alkoxy, C,-C,-
alkenyl, C,-C.-cycloalkenyl, C,-C.-alkynyl, C,-C, -aryl,
preferably C.-C, ,-aryl, C.-C, q-arylalkyl, C.-C, . -aryloxy,
C,-C, s-arylalkoxy, —SO,R*, —SO,NR'RY, —C(O)OR™
or —C(O)NR™R”, tr1-C,-C, ;-alkylsilyl groups and also
further suitable NH protecting groups for aromatic com-
pounds,
in which R* and R” are each independently H or optionally
substituted linear, branched or cyclic C, -C, 4-alkyl, pret-
erably C,-C,-alkyl and C,-C,-cycloalkyl, C,-C, .-
alkoxy, preferably C,-C.-alkoxy, C,-Cg-alkenyl,
C,-Cs-cycloalkenyl, C,-C,-alkynyl, C,-C,  -aryl, pret-
erably C.-C, -aryl, C.-C, s-arylalkyl, C.-C,s-aryloxy
or C-C, ;-arylalkoxy,
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R?, R are each independently H, Cl, F, Br, NO.,, pseudohalo-
gen, formyl or protected tormyl, carboxyl, C(S)NH,, C(O)

NH,, optionally substituted linear, branched or cyclic
C,-C,q-alkyl, preferably C,-Ci-alkyl and C;-C.-cy-
cloalkyl, C,-C,.-fluoroalkyl, preferably C,-C.-fluoro-
alkyl, C,-C,s-alkoxy, preferably C,-Cg-alkoxy, C,-C, 4-
fluoroalkoxy, preterably C,-C,-fluoroalkoxy, C.,-C.-
alkenyl, C,-C.-cycloalkenyl, C,-C-alkynyl, C,-C, -aryl,
preterably C.-C,  -aryl, C.-C s-arylalkyl or C.-C, ;-aryla-
Ikoxy, where, in the case that R is C.-C, ;-arylalkyl and it
1s bonded via the alkyl moiety of the C.-C, ;-arylalkyl
radical to the pyridine ring, this alkyl moiety has at least
two carbon atoms between aryl moiety of the C.-C, ;-
arylalkyl radical and pyridine ring, and

X 1s C,-C, q-fluoroalkyl, preterably C,-C,-fluoroalkyl.

The present invention likewise provides salts of the com-
pound of the general formula (I).

Further suitable NH protecting groups in aromatic com-
pounds which are possible for R" are known to those skilled in
the art, for example, from Greene T. W., Wuts P. G. W. n
Protective Groups in Organic Synthesis; John Wiley & Sons,
Inc. 1999, Protection for Imidazoles, Pyrazoles, Indoles, and
other aromatic heterocycles, p. 615-631.

Examples of the suitable radicals for R' listed above
include the following: 1n the context of the invention, —C(O)
OR™ or —C(O)NR*R” may, for example, be carbamates or
oxycarbonyl groups, for example optionally substituted
C,-C, q-alkoxycarbonyl, tr1-C,-C, s-alkysiloxycarbonyl,
C;-Cg-cycloalkoxycarbonyl groups, 1 particular 2,2,2-
trichloroethoxycarbonyl, 2-(trimethylsilyl)ethoxycarbonyl,
tert-butoxycarbonyl, 2.4-dimethylpent-3-yloxycarbonyl,
cyclohexyloxycarbonyl, 1,1-dimethyl-2,2,2-trichloroet-
hoxycarbonyl, adamantyloxycarbonyl groups; —SO,R" or
—SO,NR'RY may, for example, be optionally substituted
N,N-di-C, -C, ;-alkylsulphonyl, C,-C,  -arylsulphonyl
groups, 1n particular o-, m-, p-toluenesulphonyl, phenylsul-
phonyl, p-methoxyphenylsulphonyl, mesitylenesulphonyl,
N,N-dimethylsulphonyl groups; optionally substituted
C,-C,qalkyl or C,-C, -aryl groups may, for example, be
vinyl, 2-chloroethyl, 1-ethoxyethyl, 2-(2'-pyridyl)ethyl, 2-(4-
nitrophenyl)ethyl groups and allyl, benzyl, p-methoxyben-
zvl, 3,4-dimethoxybenzyl, 3-methoxy- or 3,5-dimethoxyben-
zyl, 2-nitrobenzyl, 2,4-dmitrophenyl, phenacyl,
triphenylmethyl groups; optionally substituted tr1-C,-C, ;-
alkylsilyl groups may, for example, be t-butyldimethylsilyl,
trizsopropylsilyl groups; optionally substituted C, -C, ;-alkyl
groups may, for example, also be dimethylaminoethyl
groups; optionally substituted C,-C,-cycloalkyl groups may,
for example, be 2-tetrahydropyranyl groups; optionally sub-
stituted C,-C, s-alkoxy groups may, for example, be meth-
oxymethyl, diethoxymethyl, 2-chloroethoxymethyl, 2-(trim-
cthylsilyl)ethoxymethyl, t-butoxymethyl,
t-butyldimethylsiloxymethyl, pivaloyloxymethyl groups;
optionally substituted C,-C,-cycloalkoxy, benzyloxymethyl
groups and optionally substituted C,-C,q-alkylamides,
C,-C, -arylamides or C.-C,  -arylalkylamindes may, for
example, be hydroxycarbonyl, formyl, N,N-dimethylami-
nocarbonyl, dichloromethylcarbonyl, t-butylcarbonyl, diphe-
nylthiophosphine groups. The above list serves to 1llustrate by
way of example and 1s not to be regarded as exclusive.

The present mvention preferably provides compounds of
the general formula (I) in which R' is H, —SO,R”,
—SO,NR'R”, —C(O)OR”™ or —C(O)NR*R”, where R* and
RY are each independently H or optionally substituted
C,-C,q-alkyl, C,-C, -aryl or C.-C,.-arylalkyl, and R" is
preferably H, o-, m-, p-toluenesulphonyl or t-butyloxycarbo-
nyl. In preferred embodiments, R* is —SO,.R* or —C(O)
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OR™* 1n which R" 1s optionally substituted C,-C,s-alkyl,
C,-C, ;-arylor C.-C, c-arylalkyl, preferably p-toluenesulpho-
nyl or t-butyloxycarbonyl.

The present invention preferably further provides com-
pounds of the general formula (I) in which R* is H, C,-C.-
alkyl, C.-C, -aryl or C.-C, ;-arylalkyl.

The present mvention preferably further provides com-
pounds of the general formula (I) in which R” is H, Cl, F, Br,
NO,, CN, formyl or protected tormyl, C,-C.-alkyl, C,-C.-
fluoroalkyl, C, -C-alkoxy, C, -C,-fluoroalkoxy, C-C, ,-arvl,
C.-C,q-arylalkyl, C.-C,s-arylalkoxy, preferably H or CI.

The present mvention preferably further provides com-

pounds of the general formula (I) 1n which X 1s C,-C-tluo-
roalkyl, preterably CF,, CF,CF, or CF(CF,),, more preter-

ably CF,.

Mixtures comprising one or more of the above-specified
compound(s) of the general formula (1) also form part of the
subject-matter of the present mnvention.

Depending on the definition of R', R* or R>, the com-
pounds of the general formula (I) may occur in enantiomeric
or diastereomeric forms. The invention encompasses all
enantiomers, diastereomers, racemates, mixtures of enanti-
omers or diastereomers 1n any molar ratios.

In addition, depending on the definition of R', R* or R>, the
compounds of the general formula (I) may occur in different
tautomeric forms. The mvention likewise encompasses all
possible tautomeric forms and mixtures thereof 1n any molar
ratios.

Salts of the inventive compounds may be physiologically
acceptable salts of the inventive compounds of the general
formula (I) with 1norganic or organic acids. Preference is
given to salts with 1norganic acids, for example hydrochloric
acid, hydrobromic acid, phosphoric acid or sulphuric acid, or
salts with organic carboxylic or sulphonic acids, for example
acetic acid, trifluoroacetic acid, propionic acid, maleic acid,
fumaric acid, malic acid, citric acid, tartaric acid, lactic acid,
benzoic acid or methanesulphonic acid, ethanesulphonic
acid, benzenesulphonic acid, toluenesulphonic acid or
napthalenesulphonic acid.

Depending on the definition of R', R* or R?, salts of the
inventive compounds may likewise be physiologically
acceptable salts of the inventive compounds of the general
tformula (I) with customary bases, for example alkali metal
salts, e.g. sodium or potassium salts, alkaline earth metal
salts, e.g. calcium or magnesium salts, ammonium salts
derived from ammonia or organic amines, for example
diethylamine, triecthylamine, cthyldiisopropylamine,
procaine, dibenzylamine, N-methylmorpholine, dihydroabi-
ctylamine or methylpiperidine, or salts of ethanolamines, for
example 2-diethylaminoethanol, 2-[(2-hydroxyethyl)methy-
lamino|Jethanol.

Alkyl, alkenyl, alkynyl or alkoxy are in each case indepen-
dently a linear, cyclic, branched or unbranched alkyl, alkenyl,
alkynyl or alkoxy radical. The same applies to the non-aro-
matic moiety of an arylalkyl radical, and to alkyl, alkylene or
alkoxy constituents of more complex substituents, for
example alkylsulphonyl, alkyloxycarbonyl, etc.

C,-Cs-Alkyl 1s, Tor example, methyl, ethyl, n-propyl, 1so-
propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, 1-methylbu-
tyl, 2-methylbutyl, 3-methylbutyl, neo-pentyl, 1-ethylpropyl,
n-hexyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 1-methyl-
pentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2-
dimethylbutyl,  2,3-dimethylbutyl,  3,3-dimethylbutyl,
1 -ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trim-
cthylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpro-
pyl or 1-ethyl-2-methylpropyl, and C,-C, s-alkyl 1s addition-
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ally, for example, n-heptyl and n-octyl, pinacoyl, adamantyl,
the 1someric menthyls, n-nonyl, n-decyl, n-dodecyl, n-tride-
cyl, n-tetradecyl, n-hexadecyl or n-octadecyl.

C,-C-Cycloalkyl 1s, for example, cyclopropyl, cyclobu-
tyl, cyclopentyl or cyclohexyl.

C,-Cs-Alkoxy 1s, for example, the alkoxy groups corre-
sponding to the above alkyl groups, for example methoxy,
ethoxy, n-propoxy, 1so-propoxy, n-butoxy, sec-butoxy, tert-
butoxy, etc. C,-C, s-Alkoxy 1s also, for example, the alkoxy
groups corresponding to the above alkyl groups.

C,-Ci-Fluoroalkyl and C,-C,,-fluoroalkyl are, for
example, the part-tluorinated or pertluorinated alkyl groups
corresponding to the above alkyl groups. C,-C.-Fluoro-
alkoxy and C,-C, s-fluoroalkoxy are, for example, the part-
fluorinated or perfluorinated alkoxy groups corresponding to
the above alkoxy groups.

C,-C,-Alkenyl 1s, for example, the alkenyl groups corre-
sponding to the above alkyl groups, for example ethenyl,
propenyl, butenyl, pentenyl or hexenyl. C,-C,-Alkynyl 1s, for
example, the alkynyl groups corresponding to the above alkyl
groups, for example ethynyl, propynyl, butynyl, pentynyl or
hexynyl. C,-C,-Cycloalkyl 1s, for example, cyclobutenyl,
cyclopentenyl or cyclohexenyl.

Aryl 1s 1n each case independently an aromatic radical
having 4 to 24 skeleton carbon atoms, 1n which no, one, two
or three skeleton carbon atoms per cycle, but at least one
skeleton carbon atom in the entire molecule, may be substi-
tuted by heteroatoms selected from the group of nitrogen,
sulphur or oxygen, but 1s preferably a carbocyclic aromatic
radical having 6 to 24 skeleton carbon atoms. The same
applies to the aromatic moiety of an arylalkyl radical, and to
aryl constituents of more complex substituents, for example
arylsulphonyl, aryloxycarbonyl.

Examples of C.-C, -aryl are phenyl, o-, p-, m-tolyl, naph-
thyl, phenanthrenyl, anthracenyl or fluorenyl; examples of
heteroaromatics C,-C, ,-aryl in which no, one, two or three
skeleton carbon atoms per cycle, but at least one skeleton
carbon atom 1n the entire molecule, may be substituted by
heteroatoms selected from the group of mitrogen, sulphur or
oxygen are pyridyl, pyridyl N-oxide, pyrimidyl, pyridazinyl,
pyrazinyl, thienyl, furyl, pyrrolyl, pyrazolyl, imidazolyl, thia-
zolyl, oxazolyl or 1soxazolyl, indolizinyl, indolyl, benzo[b]
thienyl, benzo[b]furyl, indazolyl, quinolyl, 1soquinolyl,
naphthyridinyl, quinazolinyl, benzofuranyl or dibenzofura-
nyl.

Arylalkyl 1s 1n each case independently a straight-chain,
cyclic, branched or unbranched alkyl radical as defined
above, which may be substituted singly, multiply or fully by
aryl radicals as defined above.

C.-C, s-Arylalkyl 1s, for example, benzyl or (R)— or (S)-
1 -phenylethyl.

Halogen may be fluorine, chlorine, bromine or 1odine.
Pseudohalogen may, for example, be cyanide, cyanate or
thiocyanate.

In the context of the invention, all radical definitions,
parameters and illustrations above and listed below, 1n gen-
eral or within areas of preference, may be combined with one
another, 1.e. also between particular areas and areas of pret-
erence 1n any desired manner.

Possible substituents for the R' to R radicals include
numerous organic groups, for example alkyl, cycloalkyl, aryl,
halogen, hydroxyl, ether, thioether, disulphide, sulphoxide,
sulphonic acid, sulphonate, protected amino, aldehyde, keto,
carboxylic ester, carbonate, carboxylate, cyano, alkylsilane
and alkoxysilane groups, and also optionally protected car-
boxylamide groups. In the case that R” is an aryl-substituted
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C,-C, s-alkyl radical, this alkyl radical has to have at least two
carbon atoms between aryl substituents and pyridine ring.

Examples of compounds of the general formula (I) include
the following compounds of the formulae (I-1) to (I-4):

(I-1)

(I-2)

(I-3)

N \ :_
- ?/S \ / CHj3
(I-4)
Cl oF.
(T
.

The mventive compounds of the general formula (I) can be
prepared in a simple manner by various routes.

For example, the compounds of the general formula (I)
may be prepared from compounds of the general formula (1I)

(1)

in which R", R* and R’ are each as defined for the general
formula (1),

by converting the compounds of the general formula (I1I)
first by means of halogenation to compounds of the general

formula (VI)
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. (VD)
R3
-
s
N N\
Rl

in which Y 1s halogen, and subsequently converting them
using a fluoroalkylating agent to compounds of the general
formula (I) 1in which X 15 C, -C, ¢-fluoroalkyl. The principle of
such reactions with fluoroalkylating agent 1s described, for
example, 1n M. A. McClinton, Tetrahedron, 1992, 6565-6584.

The present invention thus further provides a process for
preparing the mventive compounds of the general formula (I)

R7 A
-
s
N N\
Rl

in which X 1s C,-C, ¢-fluoroalkyl, preferably C,-C.-fluoro-
alkyl, more preferably CF,, CF,CF; or CF(CF;),, most pret-
erably CF., and R', R* and R" are each as defined above, by
reacting compounds of the general formula (VI)

(D)

(VD)

R’ X
X
N,
NP N
\

in whichY is halogen, preferably I, and R', R* and R> are each
as defined above with a fluoroalkylating agent.

In this process, the compounds of the general formula (VI)
in whichY is halogen, preferably I, and R, R* and R are each
as defined above are prepared by means of halogenation 1n a
preceding step, for example from compounds of the general

formula (II).

In the context of the mvention, useful fluoroalkylating
agents are, for example, trialkyl(pertluoroalkyl)silanes of the
general formula (111)

(R*);Si(RF) (1)

in which
R*is optionally substituted linear, branched or cyclic C,-C, .-
alkyl, preterably C,-C,-alkyl, and

R* is linear, branched or cyclic C,-C, .-perfluoroalkyl, pref-

crably C,-C,-perfluoroalkyl, more preferably CF,;,
CF,CF; or CF(CF;),,
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compounds of the general formula (IV)

CF,..Y

H

(IV)

in which
Y 1s Bror I and
nis 1 or 2,

or trifluoroacetates of the general formula (V)

CF,CO,M (V)

in which

M 1s an alkali metal cation, preferably Na™ or K*, or C,-C, .-
alkyl, preterably C,-C,-alkyl, more preterably methyl.

Preferred fluoroalkylating agents are trifluoromethylating
agents. They are preferably those of the general formula (111)
in which R”" is CF,, or those of the general formula (IV) or
(V).

The process according to the invention 1s preferably carried
out in the presence of fluoride 10ns. Suitable fluoride 10n
sources are, for example, alkali metal fluorides or tetraalky-
lammonium fluorides. For example, these may be potassium
fluoride, sodium fluoride, caestum fluoride or tetraalkylam-
monium fluoride. Particular preference 1s given to potassium
fluoride. The amount of fluoride used may, for example, be 1
to 5 times, preferably 15 to 3 times, based on the amount of X
(halogen) to be exchanged 1n the general formula (I).

The process according to the invention 1s preferably carried
out in the presence of a catalyst. Suitable catalysts are, for
example, zinc (for CF,Br, as the fluoroalkylating agent),
copper (for CF,Br, or CF,I or CF;Br as a fluoroalkylating
agent) or copper(l) salts (for trifluoroacetates of the general
tormula (V) and trialkyl(perfluoroalkyl)silanes of the general
formula (III) as the fluoroalkylating agent). Preference is
given to copper(l) salts, particular preference to copper(l)
10dide or copper(l) cyanide. The amount of the catalyst used
may, for example, be 0.5 to 5 times, preferably 15 to 3 times,
based on the amount of X (halogen) to be exchanged in the
general formula (1).

The reaction with the fluoroalkylating agent 1s preferably
carried out 1n the presence of one or more solvent(s), prefer-
ably 1n the presence of one or more aprotic solvent(s), more
preferably 1n the presence of one or more dipolar aprotic
solvent(s).

Preferred dipolar aprotic solvents are:

Carboxylic acid derivatives, for example acetonitrile or
N,N-dimethyliformamide (DMF), N,N-dimethylacetamide
(DMACc), N-methylpyrrolidone (NMP) or dimethylimidazo-
lidinone (DMI), sulphones or sulphoxides, for example sul-
pholane or dimethyl sulphoxide (DMSO), or mixtures of two
or more of these solvents. Particular preference 1s given to
N-methylpyrrolidone (NMP), N,N-dimethylformamide
(DMF), dimethylimidazolidinone (DMI), N,N-dimethyl-ac-
ctamide (DMAC).

The process according to the invention is carried out pref-
erably at temperatures of —10° C. to 150° C., more preferably
0° C. to 100° C., most preferably at 20° C. to 80° C. The
reaction time 1s preferably several hours, more preferably 0.2
to 24 h, most preferably 1 to 18 h.

The performance of the process according to the invention
under protective gas atmosphere, for example nitrogen or
argon atmosphere, may be advantageous, but1s not absolutely
necessary.

The process according to the invention may be carried out
under standard, elevated or reduced pressure, for example in
the range 01 0.5 to 5 bar. In general, 1t 1s carried out at standard
pressure.
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The process according to the invention 1s, for example,
carried out 1n such a way that the compound of the general
formula (I) in which X 1s halogen 1s mitially charged in the
appropriate solvent(s) in the presence of a mixture of potas-
sium fluoride and Cu(I) 10dide, and the fluoroalkylating agent
1s metered 1n and the reaction mixture 1s stirred at the speci-
fied reaction temperature. After the reaction has ended, the
reaction mixture 1s poured onto at least one organic solvent
having zero or low miscibility with dipolar aprotic solvents,
and optionally extracted repeatedly with the organic
solvent(s) having zero or low miscibility with dipolar aprotic
solvents. After the solvent(s) has/have been removed, the
compound of the general formula (I) can be 1solated. To lower
the miscibility, water may be added to the dipolar aprotic
solvent.

Usetul organic solvents having zero or low miscibility with
dipolar aprotic solvents, optionally after addition of water,
include, for example, ethers, aliphatics or cycloaliphatics.
Examples of such organic solvents having zero or low misci-
bility with dipolar aprotic solvents are methyl tert-butyl ether,
hexane, heptane, cyclohexane, methylcyclohekane.

In a preferred embodiment, the compounds of the general
formula (VI) in which Y 1s halogen bear, on the aromatic NH
group, a protecting group which may have the definitions
specified above for R' apart from H, preferably an —SO_R”
or —C(O)OR™ group, 1n which R* 1s optionally substituted
C,-C,q-alkyl, C,-C, -aryl or C.-C, c-arylalkyl, preferably o-,
m- or in particular p-toluenesulphonyl or t-butyloxycarbonyl.
This protecting group may be removed before or after the
reaction with the fluoroalkylating agent. It 1s also possible to
selectively prepare the compounds of the general formula (1)
containing this protecting group on the aromatic NH group.

In a further preferred embodiment, the removal of the
protecting group from the aromatic NH group and the reac-
tion with the fluoroalkylating agent are effected 1n one step.

By way of example for the process according to the inven-
tion described above, the compounds of the general formula
(I) in which X 1s CF; may be prepared from compounds of the
general formula (II) imtially by means of halogenation to
compounds ol the general formula (V1) in whichY 1s halogen,
and subsequently by reaction with trialkyl(perfluoroalkyl)
silanes, preferably trimethyltrifluoromethylsilane, or with tr1-
fluoroacetates, preferably sodium trifluoroacetate or potas-
sium trifluoroacetate or methyl trifluoroacetate, 1 the
presence ol copper(l) salts, preferably in the presence of
copper(l)1odide, and alkali metal fluorides, preferably potas-
stum fluoride or caesium fluoride, and 1n a dipolar aprotic
solvent, for example N-methylpyrrolidone (NMP) or N,N-
dimethylformamide (DMEF), or by reaction with dibromodi-
fluoromethane 1n the presence of copper and 1n a dipolar
aprotic solvent, for example N,N-dimethylacetamide
(DMAC). It 1s possible via compounds of the general formula
(V1) in which X 1s Br to prepare compounds of the general
formula (I) in which X 1s CF, also by reaction with 10dotrii-
luoromethane 1n the presence of Zn or with bromotrifluo-
romethane 1n the presence of TMEDA (tetramethylethylene-
diamine) and tetraalkylammonium halides, for example

(Bu,N)Br (on this subject, cf. M. A. McClinton, Tetrahedron,
1992, 6565-6584).

It1s also possible to prepare the inventive compounds ol the
general formula (1) 1n which X 1s CF, from compounds of the
general formula (VI) in whichY is COR” where R” is halogen,
OH or optionally substituted linear, branched or cyclic
C,-C,q-alkyloxy, preferably C,-C.-alkyloxy, C,-C,,-ary-
loxy, preferably C,-C,-aryloxy, or C.-C,s-arylalkyloxy, by
reaction with SF_/HF. Such reactions with SF_/HF or DAST/
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NaF are described, for example, in Wang C. L. J., Org. React,
34, 319-400 or Hudlicky, M., Org. React. 35, 513-637.

The mvention thus further provides a process for preparing
the inventive compounds of the general formula (1)

(D)

R? A
”\/\ \ 10
\ 5
NN
\Rl

15

in which X, R', R* and R> are each as defined above, by
reacting compounds of the general formula (VI)

20
(VD)

R’ e

@\ .
s 25
N N\

in which Y is COR” where R” is halogen, OH or optionally 1,
substituted linear, branched or cyclic C,-C, q-alkyloxy, prei-
erably C,-Cg-alkyloxy, C,-C, -aryloxy, preferably C.-C,,-
aryloxy, or C.-C, .-arylalkyloxy, and R', R* and R are each
as defined above with SF , optionally in the presence of HF, or

with diethylaminosulphur trifluoride (DAST), optionally in 35
the presence of NaF.

Compounds of the general formula (VI) in which Y 1s

COR” can be prepared, for example, as described in J. Amer.
Chem. Soc. 1956, 78, 1247-1249.

The process according to the invention 1s preferably carried
out in the presence of an excess of HF. The amount of HF may,
for example, be 10 to 30 equivalents based on the amount of
the compound of the general formula (VI).

40

The process according to the invention may be carried out 4>
in the presence or in the absence of one or more solvent(s).
Suitable solvents are, for example, halogenated hydrocar-
bons, for example dichloromethane.

The process according to the invention may be carried out
at standard, elevated or reduced pressure, for example 1n the
range of 0.5 to 5 bar. In general, 1t 1s carried out at standard
pressure.

50

The process according to the invention 1s preferably carried
out at temperatures of 80° C. to 140° C. The reaction time 1s 55

preferably several hours, more preferably 0.2 to 24 h, most
preferably 1 to 18 h.

The performance of the process according to the invention
under protective gas atmosphere, for example nitrogen or
argon atmosphere, may be advantageous, buti1s not absolutely
necessary.

60

The process according to the invention enables the prepa-
ration of the compounds of the general formula (I) under
particularly gentle conditions. This allows side reactions, for g5
example dimerizations of compounds of the general formula
(VI) in which Y 1s I, to be substantially suppressed.

10

The compounds of the general formula (VI)

(VD)

\\ \
2

in which

R' is H or optionally substituted linear, branched or cyclic
C,-C,q-alkyl, preferably C,-Ci-alkyl and C;-C,-cy-
cloalkyl, C,-C, s-alkoxy, preterably C,-C.-alkoxy, C,-C,-
alkenyl, C,-C.-cycloalkenyl, C,-C-alkynyl, C,-C, -aryl,
preferably C.-C,  -aryl, C;-C, s-arylalkyl, C.-C, s-aryloxy,
C.-C,g-arylalkoxy, —SO,R*, —SO,NR'R”, —C(O)OR"
or —C(O)NR'R”; tr1-C,-C, s-alkylsilyl groups and also
turther suitable NH protecting groups for aromatic com-
pounds,

in which R* and R” are each independently H or optionally
substituted linear, branched or cyclic C,-C, ;-alkyl, prefer-
ably C,-C -alkyl and C,-C,-cycloalkyl, C,-C, ,-alkoxy, pret-
crably C,-C.-alkoxy, C,-C.-alkenyl, C,-C.-cycloalkenyl,
C,-Cg-alkynyl, C,-C,  -aryl, preferably C-C, ,-aryl, C.-C, -
arylalkyl, C.-C, q-aryloxy or C.-C, s-arylalkoxy,
R?, R are each independently H, Cl, F, Br, NO,, pseudohalo-

gen, formyl or protected formyl, carboxyl, C(S)NH,,, C(O)
NH,, optionally substituted linear, branched or cyclic
C,-C,q-alkyl, preferably C,-Ci-alkyl and C;-C.-cy-
cloalkyl,, Cl-Clg-ﬂuoroalkyl,, preterably C,-C,-fluoro-
alkyl, C,-C,q-alkoxy, preterably C,-C.-alkoxy, C,-C, .-
fluoroalkoxy, preferably C,-C.-fluoroalkoxy, C,-C-
alkenyl, C,-C.-cycloalkenyl, C,-C-alkynyl, C,-C,  -aryl,
preterably C.-C, -aryl, C.-C, s-arylalkyl or C.-C, ;-aryla-
Ikoxy, where, in the case that R® is C.-C, q-arylalkyl and it
1s bonded via the alkyl moiety of the C.-C,-arylalkyl
radical to the pyridine ring, this alkyl moiety has at least
two carbon atoms between aryl moiety of the C.-C, -
arylalkyl radical and pyridine ring, and

Y is halogen or COR” in which R” is halogen, OH or option-
ally substituted linear, branched or cyclic C, -C, s-alkyloxy,
preferably C,-C.-alkyloxy, C,-C,, -aryloxy, preferably
C4-C, -aryloxy or C.-C, q-arylalkyloxy,
where at least one, preferably at least two, of the R, R® or

R” radicals is not H have to date not been described in the

literature and therefore likewise form part of the subject-

matter of the present mnvention.

In a preferred embodiment, R' in the inventive compounds
of the general formula (V1) 1s not H. In these mventive com-
pounds, R' is more preferably —SO.R*, —SO,NR*R?,
—C(O)OR?Y, or —C(O)NR'R”, where R* and R” are each
independently H or optionally substituted C,-C,q-alkyl,
C,-C,, -aryl or C.-C,,-arylalkyl, preferably —SO R* or

—C(O)OR", more preferably 0-, m- or 1 particular p-tolu-
enesulphonyl or t-butyloxycarbonyl.

Examples of mventive compounds of the general formula
(V1) are, for example, the following compounds of the for-

mulae (VI-I) and (VI-2):
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(VI-1)
Cl I
B
N’/H"‘N\ —

CH;

(VI-2)

The mventive compounds of the general formula (VI) are
outstandingly suitable for preparing the compounds of the
general formula (I), in particular with the above-described
process according to the mvention.

The mventive compounds of the general formula (I) are
suitable, for example, as intermediates for the preparation of
active pharmaceutical ingredients or have pharmaceutical
activity themselves and are suitable as active pharmaceutical
ingredients. The active pharmaceutical ingredients prepared
from the mventive compounds of the general formula (I) or
the mventive compounds of the general formula (I) them-
selves may be superior to the known compounds, for
example, with regard to solubility, efficacy or pharmacoki-
netics.

The examples which follow serve to illustrate the invention
by way of example and are not to be iterpreted as a restric-
tion.

EXAMPLES

1.) Preparation of
4-chloro-3-10do-1H-pyrrolo[2,3-b|pynidine (VI-2)

(VI-2)

250 g (1.64 mol) of 4-chloro-1H-pyrrolo[2,3-b]pyridine
were 1mitially charged together with 328 g (5.85 mol) of
pulverulent KOH 1n 3000 ml of DMF and cooled to 0° C. A
solution 01416 g (1.64 mol) of 10dine 1n 3000 ml of DMF was
added dropwise with cooling to this suspension and, on
completion of addition, the suspension was stirred at 0° C. for
a Turther 4 h. On completion of the reaction, the mixture was
added to 1ce-water with stirring, and the solid formed was
filtered oif with suction and subsequently dried under high
vacuum. A total 01403 g (1.45 mol, 88%) of 4-chloro-3-10do-
1H-pyrrolo[2,3-b]pyridine were 1solated as a colourless

solid.
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12
1H NMR (DMSO): 7.21 (d, 1H, H-arom), 7.81 (d, 1H,
H-arom), 8.19 (d, 1H, H-arom), 12.45 (br, s, 1H, N—H).
LC-MS: 278 [M+]

2.) Preparation of 4-chloro-1-(toluene-4-sulphonyl)-
3-10do-1H-pyrrolo[2,3-b]pyridine (VI-1)

(VI-1)
Cl I

T TN

\N/ N —
\ < >
O;?/S \ / CH;

Under protective gas atmosphere (argon), 63.5 g(1.59 mol)
of sodium hydride were suspended 1n 1000 ml of abs. THF. To

this were added dropwise with cooling at a temperature of
0-5° C. asolution 01 402 g (1.44 mol) of 4-chloro-3-10do-1H-
pyrrolo[2,3-b]pyridine 1n 3000 ml of abs. THEF, and the reac-
tion mixture was left to stir for a further 15 minutes after
completion of addition. Subsequently, 3538 g (1.88 mol) of
p-toluenesulphonyl chloride were added 1n portions to the
reaction mixture in such a way that the temperature was kept
between 5-10° C. After the addition had ended, the mixture
was allowed to come to 20° C. and stirred at this temperature
for a turther hour. On completion of conversion (TLC moni-
toring of conversion), the reaction mixture was admixed with
20 1 of saturated NaHCO, solution and 10 1 of ethyl acetate,
and extracted, and the organic phase was removed. The aque-
ous phase was extracted twice more with 10 1 each time of
cthyl acetate, and the organic phases were combined, dried
and freed of volatile constituents in a water-jet vacuum. To
purily the crystalline crude product, it was taken up 1n dichlo-
romethane and chromatographed using silica gel (CH,Cl,:
40/60 petroleum ether=3:7). After the solvents had been
removed, the crystal slurry was extractively stirred 1n diethyl
ether, and the solids were filtered off with suction and dried at
20° C. under high vacuum. A total ot 372 g (0.86 mol, 60%)
of 4-chloro-1-(toluene-4-sulphonyl)-3-10do-1H-pyrrolo[2,3-
b]pyridine were 1solated as a colourless solid.

1H NMR (DMSO): 2.35 (s, 3H, —CH,;), 7.44 (d, 2H,
H-arom), 7.46 (d, 1H, H-arom), 8.02 (d, 2H, H-arom), 8.23 (s,
1H, H-arom), 8.34 (d, 1H, H-arom).

LC-MS: 432 [M+]

3.) Preparation of 4-chloro-1-(toluene-4-sulphonyl)-
3-trifluoromethyl-1H-pyrrolo[2,3-b|pyridine (1-4)

(1-4)
Cl
CF;

T TN

\N/ N —
\
O?/S—<\ />—CH3

Under protective gas atmosphere (argon), 23.1 g (0.398
mol) of dry potasstum fluoride and 75.7 g (0.398 mol) of
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copper(l) 10odide were titrated together and heated to 220° C.
under high vacuum with agitation for 10 minutes until a
slightly greenish colouration appeared. A reaction flask was
initially charged under protective gas atmosphere (argon)

with the calcined mixture of potassium fluoride and copper(l)
1odide together with 170 ml of absolute NMP and 170 ml of

absolute DMF, and 86 g (0.199 mol) of 4-chloro-1-(toluene-
4-sulphonyl)-3-10do-1H-pyrrolo[2,3-b]pyridine were subse-
quently introduced in portions at 20° C. with stirring to form
a light grey suspension. 62.1 g (0.437 mol) of trimethyltrii-
luoromethylsilane were added dropwise to the reaction mix-
ture within 20 minutes and the mixture was left to stir at 20°
C. for 18 h. On completion of conversion (GC monitoring of
conversion), the reaction mixture was added to 2000 ml of
methyl tert-butyl ether, the organic phase was decanted and
the residue was dispersed once more with 1000 ml of methyl
tert-butyl ether. The combined organic phases were washed
three times with 2000 ml each time of water and subsequently
dried over MgSQO,. Filtration and removal of the volatile
constituents 1n a water-jet vacuum resulted 1 50.1 g (0.134
mol; 67%) of 4-chloro-1-(toluene-4-sulphonyl)-3-trifluo-
romethyl-1H-pyrrolo[2,3-b|pyridine as a beige solid.

1H NMR (DMSO): 2.37 (s, 3H, —CH,), 7.48 (d, 2H,
H-arom), 7.62 (d, 1H, H-arom), 8.12 (d, 2H, H-arom), 8.47
(d, 1H, H-arom), 8.67 (s, 1H, H-arom).

LC-MS: 374 [M+]

4.) Preparation of 4-chloro-3-trifluoromethyl-1H-
pyrrolo[2,3-b|pyridine (I-2)

(I-2)

PN

/HN
H

52.3 g (200 mmol) of tetra-n-butylammonium tluoride are
added to a solution of 30 g (80.0 mmol) of 4-chloro-1-(tolu-
ene-4-sulphonyl)-3-trifluoromethyl-1H-pyrrolo[2,3-b]pyri-
dine 1n 250 ml of absolute THF and the mixture 1s stirred at
20° C. for 20 minutes. On completion of conversion (TLC
monitoring), the mixture 1s admixed with 300 ml of saturated
NaHCO,; solution and subsequently extracted three times
with 500 ml each time of ethyl acetate. The combined organic
phases are washed with saturated NaCl solution, dried over
MgSO, and freed of volatile constituents 1n a water-jet
vacuum. Purification of the crystalline crude product by chro-
matography through silica gel (CH,Cl,: MeOH=30:1) results
in 13.1 g (59.5 mmol; 74%) of 4-chloro-3-trifluoromethyl-
1H-pyrrolo[2,3-b]pyridine as a beige solid.

1H NMR (DMSOQO): 7.40 (d, 1H, H-arom), 8.28 (s, 1H,
H-arom), 8.34 (d, 1H, H-arom), 12.88 (br, s, 1H, N—H).

LC-MS: 220 [M+]
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What 1s claimed 1s:
1. The compound of the formula (I)

(D
X

R3
et
N Z N

\Rl

RZ

in which

R' is H or optionally substituted linear, branched or cyclic
C,-C,q-alkyl, C,-C, s-alkoxy, C,-C,-alkenyl, C,-C-Cy-
cloalkenyl, C,-C,-alkynyl, C,-C, -aryl, C.-C, ¢-aryla-
lkyl, C.-C, q-aryloxy, C.-C,,-arylalkoxy, —SO,R7,
—SO,NR'R”Y, —C(O)OR*, —C(O)NR'R” or tn-C;-
C, s-alkylsilyl groups,
in which R* and R” are each independently H or option-

ally substituted linear, branched or cyclic C,-C, 4-

alkyl, C,-C,s-alkoxy, C,-C,.-alkenyl, C4-C.-cy-

cloalkenyl, C,-C;-alkynyl, C,-C, -aryl, C;-C,4-
arylalkyl, C.-C, s-aryloxy or C;-C, s-arylalkoxy,

R*, R’ are each independently H, Cl, F, Br, NO.,
pseudohalogen, formyl or protected formyl, carboxyl,
C(S)NH,, C(O)NH,, optionally substituted linear,
branched or cyclic C,-C,q-alkyl, C,-C,-fluoroalkyl,
C,-C,qalkoxy, C,-C,q-tluoroalkoxy, C,-C,-alkenyl,
C,-Cgs-cycloalkenyl, C,-C.-alkynyl, C,-C, -aryl,
C.-C 1Barylalkyl or C.-C lg-arylalkoxy, where, 1n the
case that R° is C.-C, 4 arylalkyl and 1t 1s bonded via the
alkyl mmety of the C.-C, q-arylalkyl radical to the pyri-
dine ring, this alkyl moiety has at least two carbon atoms
between aryl moiety of the C.-C, q-arylalkyl radical and
pyridine ring, and

X 15 C,-C, ¢-fluoroalkyl,

or a salt of the compounds of the general formula (I).

2. The compound according to claim 1, wherein R* is H or
—SO,R" or—C(O)OR?Y, in which R™ 1s optionally substituted
C,-C,q-alkyl, C,-C,  -aryl or C.-C, -arylalkyl.

3. The compound according to claim 1, wherein R* is H or
C,-Cg-alkyl, C.-C, -aryl or C.-C, ;-arylalkyl.

4. The compound according to Claim 1 wherein R” is H, Cl,
F, Br, NO,, CN, formyl or protected formyl, C,-C.-alkyl,
C,-Cs-fluoroalkyl, C,-Ci-alkoxy, C,-C.-fluoroalkoxy,
Cs-C, -aryl, C.-C, q-arylalkyl, C.-C,arylalkoxy.

5. The compound according to claim 1, wherein X 1s
C,-Ctluoroalkyl.

6. A mixture comprising compounds according to claim 1,
wherein the mixture comprises compunds wherein R* and R”
are identical and wherein for at least one compound R* is H
and wherein for at least one compound R' is a protection
group.

7. A process for preparing compounds of the general for-

mula (I)

(D
X

R3
ot
N\ N

\Rl

R2
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in which

R'is H or optionally substituted linear, branched or cyclic
C,-C,q-alkyl, C,-C, s-alkoxy, C,-C.-alkenyl, C,-C,-cy-
cloalkenyl, C,-C,-alkynyl, C,-C, -aryl, C.-C,;-aryla-
lkyl, C.-C,q-aryloxy, C.-C,,q-arylalkoxy, —SO,R”,
—SO,NR*R”", —C(O)OR*, —C(O)NR*R" or tri-C, -
C,q-alkylsilyl groups,
in which R* and R*¥are each independently H or option-

ally substituted linear, branched or cyclic C,-C, .-
alkyl, C,-C, q-alkoxy, C,-Cg-alkenyl, C,-C.-cy-

c‘oalkenyl C,-Cg alkynyl C -C,maryl, C.C,4-

arylalkyl, C. Clg-aryloxy or C. C18 -arylalkoxy,

R*, R’ are each independently H Cl, F, Br, NO,
pseudohalogen, formyl or protected formyl, carboxyl
C(S)NH,, C(O)NH,, optionally substituted linear,
branched or cyclic C, -C,-alkyl, C,-C,;-fluoroalkyl,
C,C,qalkoxy, C,-C,q-fluoroalkoxy, C,-C.-alkenyl,
C,-Cs-cycloalkenyl, C,-C.-alkynyl, C,-C, aryl,
C.-C,4 arylalkyl or C-C, - arylalkoxy, where, 1n the
case that R” is C.-C, arylalkyl and 1t 1s bonded via the
alkyl mmety of the C,-C, q-arylalkyl radical to the pyri-
dine ring, this alkyl m01ety has at least two carbon atoms
between aryl moiety of the C.-C, s-arylalkyl radical and
pyridine ring, and

X 15 C,-C, s-fluoroalkyl,

comprising reacting compounds of formula (VI)

(VD)

R3
R
N
NP
\Rl

in which Y is halogen, and R', R* and R” are each as defined
above,

with a fluoroalkylating agent.

8. The process according to claim 7, wherein X 1s CF; and
the fluoroalkylating agent 1s a trifluoromethylating agent.

9. The process according to claim 7, wherein the reaction 1s
carried out in the presence of one or more solvent(s).

10. The process according to claim 7, wherein the com-
pounds of the general formula (I) are prepared 1n the presence
of fluoride 10ns.

11. The process according to claim 7, wherein the com-
pounds of the general formula (I) are prepared in the presence
of a catalyst.

12. The process according to claim 7, wherein the com-
pound of the general formula (I) in which R' is H, after the
reaction with the fluoroalkylating agent, are prepared from
compounds of the general formula (VI) in which R' in for-
mula (VI) 1s —SO,R* or —C(O)OR”, 1n which R™ 1s option-
ally substituted C,-C, -alkyl, C,-C,  -aryl or C.-C, -aryla-
lkvl.
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13. A process for preparing compounds of the general
formula (I)

(D
X

R3
et
N Z N

\Rl

RZ

in which

R" is H or optionally substituted linear, branched or cyclic
C,-C,q-alkyl, C,-C, -alkoxy, C,-C,-alkenyl, C,-C -Cy-
cloalkenyl, C,-Cg-alkynyl, C,-C, -aryl, C.-C, s-aryla-
lkyl, C;-C,q-aryloxy, C.-C,q-arylalkoxy, —SO,R”,
—SO,NR'RY, —C(O)OR*, —C(O)NR'R” or tr1-C,-
C, s-alkylsilyl groups,
in which R* and R” are each independently H or option-

ally substituted linear, branched or cyclic C,-C, 4-

alkyl, C,-C, s-alkoxy, C,-Ci-alkenyl, C,-C.-cy-

cloalkenyl, C,-C,-alkynyl, C,-C, -aryl, C;-C,4-

arylalkyl, C.-C, s-aryloxy or C;-C, s-arylalkoxy,

R*, R’ are each independently H, Cl, F, Br, NO.,
pseudohalogen, formyl or protected formyl, carboxyl,
C(S)NH,, C(O)NH,, optionally substituted linear,
branched or cyclic C,-C,q-alkyl, C,-C,,-fluoroalkyl,
C,-C,q-alkoxy, C,-C,q-fluoroalkoxy, C,-C,-alkenyl,
C,-Cgs-cycloalkenyl, C,-Cg-alkynyl, C,-C, -aryl,
C- Clgarylalkyl or C, Clg-arylalkoxy,, where, 1 the
case that R® is C.-C, arylalkyl and 1t 1s bonded via the
alkyl m01ety of the C.-C, s-arylalkyl radical to the pyri-
dine ring, this alkyl moiety has at least two carbon atoms
between aryl moiety of the C.-C, qarylalkyl radical and
pyridine ring, and

X 18 C,C, qtluoroalkyl,

comprising reacting compounds of formula (VI)

(VD)
Y

R3
o8
NP

N
\
Rl

RZ

in which
Y is COR” in which R is halogen, OH or optionally sub-
stituted linear, branched or cyclic C,-C, s-alkyloxy, and

R', R* and R are each as defined above,

with SF_, optionally 1n the presence of HF.

¥ o # ¥ ¥
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